ABSTRACT -The effect of increased levels of metabolisable energy with glycerine or soybean oil was evaluated in the performance of broilers at four growth stages (1 to 7, 8 to 21, 22 to 33 and 34 to 42 days), in addition to the carcass and cut yield. A total of 2,400 birds were used in a completely randomised design in a 2 x 4 factorial scheme (two sources x four energy levels), with five replications. The treatments were determined by including glycerine or soybean oil at intervals of 75 kcal/kg of metabolisable energy in the diet: the first level with 75 kcal less than the requirement, the second corresponding to the requirement for each stage (2925, 2980, 3050 and 3100 Kcal), and the third and fourth levels with 75 kcal and 150 kcal more than the required value for the stage under evaluation. The metabolisable energy requirement for broilers, irrespective of the energy source (glycerine or soybean oil), was estimated at 3,075, 3.130, 3,200 and 3,250 kcal ME/kg feed, for stages 1 to 7, 8 to 21, 22 to 33 and 34 to 42 days respectively. However, the use of glycerine as a source of increased energy promoted better performance efficiency during the first two stages (1 to 7 and 8 to 21 days of age).
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INTRODUCTION
The chemical process of converting vegetable oils into biodiesel involves methyl or ethyl transesterification reactions of triacylglycerides, which generate methyl or ethyl esters as products, and glycerol as residue (QUINTELLA et al., 2009) . Considering that the glycerine purification process is quite expensive, and that any surplus from biodiesel production is not fully utilised, animal production would appear to be a promising field for the use of glycerine as an energy source in diets (SUCHÝ et al., 2011) . Crude glycerine from the biodiesel process includes glycerol in its composition, a molecule with well-established glycogenic properties (MIN et al., 2010) .
Food intake increases metabolism, raising the amount of body heat, since digestion and nutrient absorption generate energy, which is released in the form of heat. In addition, broilers submitted to temperatures above the thermoneutral zone lower their capacity for dissipating heat, and use such strategies as reducing their feed intake to reduce internal heat production caused by the ingestion of energy present in the feed (COSTA et al., 2012) . Authors such as Silva et al. (2015) found that broilers subjected to thermal discomfort (38-40 °C) reduced their feed intake, weight gain and feed conversion by on average 11.3, 4.6 and 1.4% respectively.
A practical solution for meeting the energy needs of animals, and for minimising the production of heat generated by food intake, is related to the inclusion of ingredients in the diet that result in a low caloric increase (energy spent on digestion and metabolic processes). From this perspective, the use of oils and fats with a caloric increase coefficient of 0.16%, less than carbohydrates and proteins, is important (BERTECHINI, 2012) . The low molecular weight of glycerol allows it to be absorbed more easily by diffusion in the enterocytes, where it is oxidised for energy production via glycolysis and the Krebs cycle (BERNARDINO et al., 2013) . Although no studies have been found on the actual caloric increase from glycerol, it is believed that glycerol can be included in diets as an ingredient for this purpose, since besides being easily absorbed, it presents a high coefficient of metabolisable energy, as found by Rostagno et al. (2017) .
As such, the aim of this study was to evaluate the effect of two different sources of energy (glycerine and soybean oil), different levels of ME in the diet, and their interactions (source x energy level of the diet) on performance, and carcass and main cut yield in broilers.
MATERIAL AND METHODS
The experiment was conducted in the poultry sector of the Bom Jesus Agricultural College (CABJ), on the Professor Cinobelina Elvas Campus (CPCE) of the Federal University of Piauí (UFPI), in Bom Jesus in the State of Piauí (PI), with the approval of the Ethics Committee for Animal Experimentation of UFPI, under protocol no. 22/2009-CEEA/UFPI. A total of 600 male Cobb broilers were used for each stage of the evaluation (1 to 7, 8 to 21, 22 to 33 and 34 to 42 days of age), giving a total of 2,400 birds. At the beginning of each stage the birds were weighed and divided into experimental units; animals that were not being used were kept in a separate shed, where they were raised and fed following the recommendations of the breed handbook.
The design was completely randomised in a 2 x 4 factorial scheme (two sources x four energy levels), with five replications of 15 birds per experimental unit (coop). The birds were housed in coops of 2 m 2 , containing tubular feeders and hanging drinkers. The four energy levels of each stage were determined by the addition of glycerine or soybean oil at intervals of 75 kcal/kg of metabolisable energy in the diet: the first level being 75 kcal below the requirement recommended by Rostagno et al. (2011) , the second corresponding to the requirement for each stage (2,925, 2,980, 3,050 and 3,100 kcal/kg feed for stages 1 to 7, 8 to 21, 22 to 33 and 34 to 42 days respectively), and the third and fourth levels with 75 kcal and 150 kcal respectively more than the value required by the birds for the stage under evaluation.
The experimental diets were formulated to meet the nutritional requirements of the chickens at each stage of the study, as per the recommendation of Rostagno et al. (2011) (Tables 1 and 2) , except for the metabolisable energy, that varied according to the treatments being evaluated, and for the level of sodium, that was 2.91% and 4.87% higher than required during the 3rd and 4th stage respectively; as the higher levels of glycerine increased the sodium content of the feed, the same value was maintained for each of the other diets.
The glycerine used was supplied by ADM, and comprised 80.95% glycerol, 30 ppm methanol, 2.29% sodium, 10.65% moisture and 3,585 kcal ME/kg feed. The composition of the ingredients used in the formulations were as presented by Rostagno et al. (2011) , with the Na and GE content of the glycerol being analysed. The ME value of the glycerine was obtained based on the metabolisable energy coefficient of the gross energy recommended by Rostagno et al. (2011) , multiplied by the value for gross energy analysed in the animal nutrition laboratory of CCA-UFPI.
The temperature and relative humidity of the sheds were monitored by means of a maximum and minimum thermometer kept in the centre of the shed, where the thermometer was read twice a day (08:00 and 16:00). Pre-initial stage: 1 Guarantee levels per kg of product: folic acid 200 (mg); pantothenic acid 3,120 (mg); antioxidant additive 25,000 (mg); biotin 10,000 (mg); copper 2,000 (mg); choline 78,102.01 (mg); iron 11,250 (mg); halquinol 7,500 (mg); iodine 187.50 (mg); manganese 18,738.60 (mg); monensin 25,000 (mg); niacin 8,400 (mg); selenium 75 (mg); vitamin A 1,680,000 (IU); vitamin B1 436.50 (mg); vitamin B2 1,200 (mg); vitamin B6 624 (mg); vitamin B12 2,400 (mg); vitamin D3 400,000 (IU); vitamin E 3,500 (mg); vitamin K3 360 (mg); zinc 17,500 (mg); Initial stage: 1 Guarantee levels per kg of product: folic acid 162.50 (mg); pantothenic acid2,600 (mg); antioxidant additive 25,000 (mg); copper 2,000 (mg); choline 71,593.49 (mg); iron 11.250 (mg); halquinol 7,500 (mg); iodine 187.50 (mg); manganese 18,750 (mg); niacin 7000 (mg); selenium 75 (mg); vitamin A 1,400,000 (IU); vitamin B1 388 (mg); vitamin B2 1,000 (mg); vitamin B6 520 (mg); vitamin B12 2,000 (mg); vitamin D3 300,000 (IU); vitamin E 2,500 (mg); vitamin K3 300 (mg); zinc 17,500 (mg) Feed intake (FI) was evaluated for each stage, calculated from the difference between the amount of feed supplied and the leftovers of the experimental diets. Weight gain (WG) was determined from the difference in the weight of the birds at the start and at end of each growth stage. From the data for feed intake and weight gain, the feed conversion was calculated. At the end of the third and fourth stages (at 33 and 44 days of age), two birds from R. R. Merval et al.
Growth Stage:
1 Guarantee levels per kg of product: folic acid 162.50 (mg); pantothenic acid 2,600 (mg); antioxidant additive 25,000 (mg); copper 2,000 (mg); choline 71,593.49 (mg); iron 11,250 (mg); halquinol 7,500 (mg); iodine 187.50 (mg); manganese 18,750 (mg); niacine 7,000 (mg); selenium 75 (mg); vitamin A 1,400,000 (UI); vitamin B1 388 (mg); vitamin B2 1,000 (mg); vitamin B6 520 (mg); vitamin B12 2,000 (mg); vitamin D3 300,000 (UI); vitamin E 2,500 (mg); vitamin K3 300 (mg); zinc 17,500 (mg); Slaughter:
1 Guarantee levels per kg of product: pantothenic acid 3,536.00 (mg); copper 3,250.00 (mg); choline 117,15 (mg); iron 20.00 (g); iodine 400 (mg); manganese 30.00 (g); niacine 10.21 (g); selenium 100.00 (mg); vitamin A 982,500.00 (UI); vitamin B12 2,357.00 (mg); vitamin B2 each coop (mean weight ± 10%) were slaughtered after a 12-hour fast to evaluate the carcass and cut yields.
The data were evaluated for homoscedasticity and normality, and identified outliers were removed. The data were then submitted to analysis of variance by the GLM procedure of the SAS (Statistical Analysis System, 9.2) software (SAS INSTITUTE, 2002) . The mean values were compared by the SNK test at 5% significance, and polynomial regression models were used to explore the effects of the increasing levels of AME from the feed, considering a significance level of 5%.
RESULTS AND DISCUSSION
According to Abreu and Abreu (2011) , the mean values for temperature and relative humidity (Table 3) indicate that the birds underwent thermal discomfort during the growth stages. Under such conditions, the physiological effort of the animals to maintain their body temperature within the thermoneutral zone is greater, altering their behaviour, and causing metabolic changes and changes to the heat-dissipation mechanism (SHINI et al., 2008) , resulting in energy usage being directed away from productive development to maintaining temperature.
For the variable of weight gain (WG) during the 1 to 7-day stage, there was an interaction (P<0.05) between the source of increased energy and the levels of metabolisable energy (ME). WG in the birds consuming diets with added glycerine at 2,850 kcal ME/kg feed was lower than the WG provided by the diet with added soybean oil at the same energy level, the opposite occurring at the level of 3,075 kcal ME/kg feed (Table 4) . Xavier et al. (2008) , working with increasing levels of ME during the 1 to 7-day stage, did not observe any significant effects from the pre-initial feed on WG. The differences seen between sources may be related to metabolism of the glycerine and oil. Dozier et al. (2008) stated that young birds metabolise the energy from glycerol better than do older birds. However, in the bird organism, the oil may display the extra-caloric effect that reflects the supply and utilisation of fatty acids for non-energy functions, with an improvement in the absorption of some fat-soluble vitamins; this does not happen with glycerine, which consists mainly of glycerol.
Feed conversion (FC) during the 1 to 7-day stage showed a linear effect (Y = 1.86 -0.0003ME, r 2 = 0.55). For each unit of ME added to the feed a potential reduction of 0.0003 g feed/g weight gain was found for FC. The best feed conversion can be attributed to an increase in caloric density, the extra caloric and metabolic effect of fat, which results in an improvement in energy efficiency by increasing the net energy of the feed (SAKOMURA et al., 2004) .
In relation to the effect of the sources of increased metabolisable energy in the diet, a difference (P<0.05) was seen for FC only (Table 4) , where the birds that received diets with added glycerine had a 3.5% better FC than those fed on soybean oil.
During the pre-initial stage of the broiler, feed intake is low compared with the other stages, accounting for 3.5% of the total (DALLMANN et al., 2010) . The low intake justifies the use of ingredients of high digestibility in formulating diets to favour the use of nutrients, because at this stage of life, the birds are not fully adapted to ingesting carbohydrates or lipids (OLIVEIRA et al., 2009) .
A quadratic effect was seen for FI on the levels of metabolisable energy during the 8 to 21-day stage (P<0.05) (FI = 16051 -9.8058 ME + 0.0016 ME 2 , r 2 = 0.98), with the lowest intake achieved using feed containing 3.064 kcal ME/kg (Table 5) . These results are similar to those found by Alvarenga et al. (2011) , who found a reduction in the intake (P<0.05) of birds from 8 to 21 days with increases in the energy level of the diet, whereas Bernardino et al. (2014) found no interaction between the levels and sources of glycerine for feed intake.
An interaction (P<0.05) was seen between the sources of increased energy and the levels of metabolisable energy (ME) for the variables WG and FC during the evaluation stage (8 to 21 days). WG in the birds fed diets with added glycerine was better than in the diets with soybean oil at a level of 3.130 kcal ME/kg feed.
When evaluating the increase in metabolisable energy of the diets separately (by source), a linear increase was found for WG according to the equations for glycerine (WG g = -285.53 + 0.2816 ME, r 2 = 0.91) and soybean oil (WG o = 224.95 + 0.1079 ME, r 2 = 0.62), where for each additional unit of ME in the feed an increase of 0.2816 g in weight gain/bird was seen for glycerine and 0.1079 g in weight gain/bird for soybean oil.
The rise in the levels of ME in the diets for both sources of increased energy (glycerine x soybean oil) resulted in a linear decrease in FC according to the equations for glycerine (FC g = 5.44 -0.0013 ME, r² = 0.91) and soybean oil (FC o = 3.87 -0.0008 ME, r² = 0.93) (Table 5) , where each additional unit of ME in the feed corresponded to a reduction of 0.0013 g of feed/g of weight gain for glycerine and 0.0008 g feed/g weight gain for the soybean oil.
Nascimento et al. (2004) evaluated different energy levels (2,850, 3,000 and 3,150 kcal AME/kg feed) and ME to CP ratios (125, 136.9 and 151.5 kcal/% CP) during the initial stage of broilers, and found that a level of 3,150 kcal ME/kg feed gave the best results for feed conversion, similar to the values found in this study. The gradual increase in net energy of the feed due to the reduction in caloric increase explains the results for feed conversion (OLIVEIRA et al., 2000) .
An interaction (P<0.05) between the sources of increased energy and the levels of metabolisable energy (ME) was seen for the 22 to 33-day stage for feed intake (FI) ( Table 6 ). The birds that ingested the diet with glycerine showed a higher FI than those on the diet with soybean oil at levels of 3,050 and 3,125 kcal ME/kg feed. When considering energy levels, a quadratic effect was seen for the sources of increase of the metabolisable energy in the diet, as per the equations for glycerine (CR g = -42006 + 28.673 ME -0.0047 ME 2 , r 2 = 0.91), with the maximum value for intake occurring at the level of 3,050 kcal ME/kg feed; this value was close to the lowest evaluated energy level for the stage. There was also a Linear effect (FC = 1.86 -0.0003ME, r 2 = 0.55) Table 4 -Effect of energy levels with added glycerine or soybean oil (Soy Oil) on feed intake (FI), weight gain (WG) and feed conversion (FC) during the 1 to 7-day stage Quadratic effect (FI = 16051 -9.8058ME + 0.0016 ME 2 , r 2 = 0.98); 2 Linear effect (WG g = -285.53 + 0.2816ME, r 2 = 0.91); 3 Linear effect (WG o = 224.95 + 0.1079ME, r 2 = 0.62); 4 Linear effect (FC g = 5.44 -0.0013ME, r 2 = 0.91); 5 Linear effect (FC o = 3.87 -0.0008ME, r² = 0.93) quadratic effect for the soybean oil, as per the equation (FI o = 39111 -24,058 ME + 0.0039 ME 2 , r 2 = 0.99), with the lowest value seen at 3,084 kcal ME/kg feed (Table 6) . These results characterise a reduction in feed intake for increasing levels of ME in the diets with added glycerine, which may be related to the energy theory of feed intake (GONZALES, 2008) ; this states that under suitable conditions, birds tend to regulate their feed intake according to the energy level of the diet as a function of their daily energy needs. However, in the present work the birds were under cyclic thermal stress (Table 3 ) and theoretically would not be able to properly adjust their intake as a function of the energy level. In this case, according to the ionostatic theory proposed by Felix et al. (2014) , they might be adjusting their intake as a function of the electrolyte content, since the electrolytic balance of the diet with 3050 kca/kg was higher (245 mEq/kg) than in the other diets, which could favour the best acid base balance for the body to improve heat dissipation. Thus, among the several existing theories, the organism may present different responses for feed intake as a function of physiological, environmental and genetic factors; however, most of the responses are regulated by the hypothalamus, which has the role of mediating stimuli that are directly connected to the behaviour of an individual in the presence of food (ABDELQADER; AL-FALAFTAH, 2014).
A decreasing linear effect was seen for FC (FC = 3.43 -0.0006ME, r 2 = 0.84), where for each additional unit of ME in the feed there was a reduction of 0.0006g feed/g weight gain. Barbosa et al. (2008) found no significant effect for the variables WG and FC in broiler chickens fed with increasing levels of metabolisable energy at the 22 to 35-day stage.
During the 34 to 42-day stage, no interaction (P>0.05) was seen between the sources of increased energy and the levels of metabolisable energy (ME) for the variables FI, WG or FC ( Table 7 ), demonstrating that the response to ME levels does not depend on the source at this stage. However, according to the equations for FI (FI = 2718 -0.351 ME, r 2 = 0.92) and FC (FC = 5.25 -0.001 ME, r 2 = 0.96), a decreasing linear effect was seen on the variables FI and FC for the levels of metabolisable energy, where for each additional unit of ME in the feed there was a reduction of 0.0351 g/bird for feed intake and 0.001 g feed/g weight gain for feed conversion.
This research confirms the findings of Guerra et al. (2011) , who observed a decreasing linear effect (P<0.05) on feed intake in broilers from 21 to 42 days of age as the levels of glycerine in the diet were increased. This differed from authors such as Barbosa et al. (2008) , who found no significant effect on the variables WG and FC in broiler chickens fed with increasing levels of metabolisable energy during the 36 to 42-day stage.
There was an increasing linear effect (WG = 25.13 ± 0.251 ME, r 2 = 0.77) on weight gain (WG) during the 34 to 42-day stage (Table 7) , where an increase of 0.251 g in weight gain/bird was seen for each additional unit of ME in the feed.
The diets with added glycerine resulted in greater feed intake than those with soybean oil, which may be related to the metabolisable coefficient of the diets with glycerine, since Dozier et al. (2008) found lower values for metabolisable energy from the glycerine at moreadvanced ages, whereas in this study, the value for metabolisable energy from the glycerine used was the No significant interaction (P>0.05) was seen between the sources of increased energy and the levels of metabolisable energy (ME) for any of the carcass or cut yield variables (Table 8) . However, a linear decrease (P<0.05) in liver yield (RF) was seen for the levels of metabolisable energy from the feed as per the equation (LY = 6.77 -0.00013ME, r 2 = 0.72), with a further decrease of 0.00013g in liver weight/bird for each additional unit of ME in the feed. Linear effect (FC = 5.25 -0.001 ME, r 2 = 0.96) Moreira et al. (2001) state that in general, yield can be affected by the energy level. Research carried out with the addition of increasing levels of glycerine in the feed of broilers found no changes in liver yield (TOPAL, 2013) . This effect may be related to the reduction in FI and increase in WG at this stage (Table 7) , since a reduction in feed intake may reduce the heat produced by the animal (which represents the ingested metabolisable energy subtracted from the retained energy) and promote a lower metabolic load for the liver, with a consequent reduction in its relative weight. Continuation Table 8 
